Abstract: Zinc oxide-Silicon heterojunctions were fabricated using both n-and p-type silicon. The zinc oxide films were deposited by magnetron sputtering process at various substrate temperatures to form these devices. Electrical properties of these devices were measured and from which work function of the zinc oxide was evaluated.
INTRODUCTION
Zinc oxide (ZnO) is an n-type wide band-gap semiconductor and has potential applications as a material for opto-electronic devices. Thin films of zinc oxide have been widely studied, mainly in connection with applications as piezoelectric materials for surface acoustic wave devices [l, 21. Low-loss optical waveguides have been fabricated using epitaxial ZnO films [3] . An electro-optic modulator is also reported using ZnO films [4] . The high optical transparency and electrical conducting nature of zinc oxide has been used as a top contact window layer for solar cell applications [5, 6, 7] . The ZnO films have high infrared reflectance and high visible transmittance. Presently indium tin oxide (ITO) layers are used as energy efficient windows for solar cells and liquid crystal displays. The components of ITO, namely In and Sn are limited in supply and are more expensive than zinc. Further, for the fabrication of amorphous-Silicon (a-Si) solar cells, IT0 coated glass substrates are used. The a-Si films are deposited onto the IT0 layer by the plasma enhanced chemical vapor deposition (PECVD) process and during this deposition IT0 f h are exposed to hydrogen plasma which reduces the metal oxide reducing optical transparencies. In and Sn based conducting layers are unwise to be used for low cost solar cells. ZnO films are more stable than IT0 based P i s in the presence of H, plasma. Further zinc is cheap, abundant and non-toxic element. Though the optical and electrical properties of zinc oxide have been studied extensively, there is no report of work function on zinc oxide films. In the present work, ZnO-Si heterojunctions were fabricated and electrical properties were measured from whch the work function of zinc oxide films was evaluated. 
EXPERIMENTAL
Zinc oxide heterojunctions with silicon were prepared using both n-and ptype silicon. The wafers were of (100) orientation with one side polished. The resistivities of the ptype samples were 10 and 23 8-cm and the resistivity of the ~--t4pe was 5 Q-cm. The wafers were cut into pieces of 1.5 cm long and 1 cm wide. The wafers were cleaned with boiling trichloroethane, acetone, methanol and then dipped in 1:l H,SO,:H,O, for 3 minutes. Subsequently the wafers were etched with buffered oxide etch (BOE) (13NH4F:2HF) diluted with water for 3 minutes to remove any surface oxide. Finally the wafers were washed in deionized water and blown dry with nitrogen. A 300 nm thick aluminum was deposited on to the back side of the wafer. The samples were then annealed in an argon ambient at 450°C for 30 minutes to get good ohmic contact. Before ZnO f i l m was deposited, the front side of the sample was etched in BOE while the back side was protected with a layer of apiezon wax as mask. The wax was then removed with trichloroethylene and the wafers were cleaned and dried.
ZnO films were deposited in an RF magnetron sputtering system ( U S Gun II) using a 5 cm diameter pressed zinc oxide target (99.999% purity, Angstrom Sciences). The samples were placed in the system with a metal shadow mask to allow the formation of 1-2 mm diameter dots of ZnO film on Si. The target to substrate distance was 3.2 cm. The system was evacuated to a pressure of 5~1 0 -~ Torr while the substrate was heated. The base pressure in the system was adjusted with a throttle valve to maintain at 20x103 during deposition with an argon flow of 5 sccm Before initiating the deposition on to the substrates, the target was precleaned for 15 minutes. The ZnO films were deposited at different substrate temperatures ranging fiom 50-250°C. The RF power used was 150 W and the films were deposited for a period of 30 minutes. The film thickness ranged from 250-300 nm.
The I-V characteristics of the fabricated diodes were measured using the Hewlett Packard semiconductor parameter analyzer (Model HP4145B). All measurements were taken under dark conditions. Both the I-V characteristics and log I -V were plotted using the semiconductor parameter analyzer.
RESULTS
The deposited zinc oxide films showed a typical resistivity of the order of 10' Q-cm Both ZnO/n-!Si and ZnO/p-Si junctions showed good recbfying characte~ristics. In the ZnOIn-Si junction, the Si is negative for forward current, while the ZnO/p-Si junction requires positive: voltage on the Si for the forward bias condition. The room temperature reverse saturation current ( I , ) of the diodes was obtained from extrapolating the reverse current region of the log I-V plots. Because of the fairly good conductivity of the ZnO films, the predominant current mechanism is assumed to be Schottky emission of carriers over the potential barrier for both n-and ptype heterojunctions. The reverse salturation current density is of the form [8] 
